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Executive Summary 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). The objective of the Seagrass 
Monitoring Program is to detect changes in 
seagrass health in PPB outside expected 
variability. The program consists of three main 
elements:  
• Large-scale mapping of seagrass area  
• Small-scale assessment of seagrass health in 
the field  
• Monitoring of environmental factors that are 
known to influence seagrass health.  
This milestone report presents:  
• Results of small-scale monitoring of seagrass 
health for spring (October-November) 2011 
• Information on factors that are known to 
influence seagrass health where this aids 
interpretation of changes in seagrass health 
• An overview of trends in seagrass health at 
the small-scale and trends in seagrass area at 
the larger spatial scale from autumn 2008 to 
spring 2011 (a period spanning 45 months) 
• A conceptual model examining the role of 
key drivers of seagrass distribution and 
abundance in PPB. 
Seagrass health 
This report provides a detailed assessment of 
seagrass cover, stem/shoot density and length at 
two subtidal depths (shallow (1–2 m) and deep 
(3–5 m) plots) in six regions, and intertidal 
seagrass plots in four regions. Upper (intertidal) 
and lower (subtidal) seagrass limits were 
monitored using geographically fixed transects.  
Seagrass cover, length and stem/shoot density in 
spring 2011 were compared with the previous 
season (winter 2011), and against the mean of 
previous observations in spring 2008–10. 
Subtidal and intertidal seagrass beds support 
different seagrass species and are considered 
separately in this report. Subtidal seagrass beds 
monitored in this study supported a single 
seagrass species, Heterozostera nigricaulis. 
Intertidal seagrass beds tend to be dominated by 
Zostera muelleri, although the aquatic macrophyte 
Lepilaena marina was present at Swan Bay and 
Mud Islands.   
Subtidal 
Subtidal seagrass health varied widely between 
plots, consistent with previous observations.  
Seagrass health was either higher or consistent 
with past seasonal trends recorded at all subtidal 
plots, except: 
• Swan Bay 2, where seagrass cover, length 
and stem density were lower than the 
seasonal (spring) mean observed at this plot 
• Point Richards (deep) where seagrass length 
was lower than the seasonal trend at this 
plot.  
Maximum seagrass depth decreased at Point 
Richards between and winter and spring 2011, 
and was lower than the longer-term seasonal 
trend, but was unchanged at Blairgowrie.  
Intertidal 
The health of seagrass at intertidal plots was 
consistent with past seasonal trends recorded at 
these plots. Intertidal seagrass cover, length and 
shoot density remained high at Mud Islands, St 
Leonards and Swan Bay, and low at Point 
Richards. Between autumn and winter 2011 there 
has been a shift in the dominance of seagrass 
species at the Swan Bay intertidal plot. This plot 
is now dominated by Z. mulleri, where once it 
was dominated by the L. marina.  
Seagrass cover remains very low at Point 
Richards, and there has been little re-colonisation 
since seagrass reappeared at this plot in summer 
2010. 
Factors that affect seagrass health 
Epiphyte cover varied as expected, based on 
previous monitoring. Macroalgal epiphyte cover 
remained high at Swan Bay 1 and 2 shallow 
subtidal plots in spring 2011, where epiphyte 
levels have been shown to be important drivers 
of seagrass health in this system. 
Increases in seagrass health at Swan Bay 1 
between spring 2010 and spring 2011 
corresponded with slight reductions in 
macroalgal epiphyte levels at this plot. 
Seagrass trends: 2008–2011 
Temporal trends in seagrass health from 2008 to 
2011 were summarized using PCA (Principal 
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Components Analysis). A single principal 
component summarized variance in seagrass 
cover, length and stem/shoot density from 2008 
to 2011. 
No common trend in subtidal seagrass health 
was observed at the small-scale in either the 
shallow (1–2 m) or deep (2–5 m) plots during this 
study. Small-scale variation in seagrass health 
reflected processes operating at a range of spatial 
scales, from individual plots (e.g. interactions 
with epiphytic macroalgae) to changes in 
seagrass area at the larger and regional scale. For 
example, increases in subtidal seagrass health at 
Kirk Point (shallow), Mud Islands (deep) and St 
Leonards 1 (deep) plots between summer and 
spring 2011 were associated with increases in 
seagrass area at the larger spatial-scale in each of 
these regions between autumn 2010 and autumn 
2011. 
Seagrass health at the intertidal plots, with the 
exception of Point Richards, remained relatively 
stable between autumn 2008 and spring 2011. 
Seagrass health remained high at Swan Bay from 
2008–2011, despite a significant shift in the 
composition of the seagrass assemblage at this 
plot from Lepilaena marina to Zostera muelleri as 
the dominant species. 
Seagrass area at the large spatial scale displayed 
greater uniformity in overall trends. Seagrass 
area increased in all of the aerial assessment 
regions between 2010 and 2011, except Mud 
Islands (where seagrass area remained stable) 
and Curlewis Bank and Swan Bank (where 
seagrass area has remained close to 100% 
throughout this study). At the broader spatial-
scale, seagrass area increased in nine of 12 PPB 
seagrass regions between autumn 2010 and 2011, 
following a period of relative stability from 2008 
to 2010. Recent increases in seagrass area at the 
broad-spatial scale suggest overall improvements 
in seagrass health in PPB following a period of 
prolonged drought conditions within the 
catchment between 1997–2009. 
Conceptual model and key 
drivers of seagrass health in PPB 
Evidence suggests that burial and erosion driven 
by sediment transport processes (wind, waves 
and currents) may be more important drivers of 
seagrass abundance in PPB than light or depth. 
By comparison, macroalgal epiphytes (e.g. Swan 
Bay) and inputs of high levels of sediments, 
nutrients and freshwater (which reduce light 
transmission to the benthos or result in 
smothering/shading by sediments or excessive 
algal production) may be more localised drivers 
of seagrass health in PPB. There was little 
evidence that seasonal changes in 
desiccation/heat stress influenced the location of 
the upper intertidal limits in this study.  
Finally, historical trends in seagrass abundance 
over the past 70 years at three locations in the 
southern part of PPB show that low seagrass area 
corresponded with periods of prolonged drought 
within the catchment, and that increases in 
seagrass area in PPB have been associated with 
higher than average rainfall and consequently 
nutrient inputs. During periods of drought, river 
flows decline, leading to reductions in nutrient 
loads into PPB from the catchment. It is 
hypothesized that nutrient limitation may 
explain the decline of seagrass area, particularly 
as the input of nutrients into the southern half of 
PPB diminished throughout the most recent 
drought (1997-2009), and H. nigricaulis growth 
has been shown to be nitrogen limited. Whilst 
high levels of nutrients are typically thought to 
adversely affect the health of seagrasses in 
Australia, this hypothesis suggests that seagrass 
growth and reproduction may be also be limited 
by very low levels of nutrient availability. 
Conclusions 
The health of seagrasses in PPB between winter 
2011 and spring 2011, and between spring 2010 
and spring 2011, varied as expected, based on the 
interpretation of past trends in seagrass health at 
individual assessment plots and overall changes 
in seagrass area across PPB at a range of larger 
spatial scales.  
There was no common trend in subtidal seagrass 
health observed at the small-scale in either the 
shallow (1–2 m) or deep (2–5 m) plots during this 
study.  Seagrass health at the intertidal plots, 
with the exception of Point Richards, remained 
relatively stable between 2008–2011 
Seagrass area at the large spatial scale displayed 
greater uniformity in overall trends. Seagrass 
area increased or was near 100% in all of the 
aerial assessment regions, and was mostly stable 
or increased at the broader spatial-scale in the 
majority of the PPB seagrass regions between 
2008–2011. Recent increases in overall seagrass 
area in PPB suggest improvements in seagrass 
health following the cessation of prolonged 
drought conditions within the catchment after 
2009. 
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A conceptual model examining the role of key 
drivers and their relative importance in 
determining seagrass distribution and abundance 
in PPB is presented. The model describes key 
drivers for seagrass health, including: 
• the role of burial and erosion driven by 
natural sediment transport processes over 
shorter and longer-time scales  
• the role of local factors such as high 
macroalgal epiphyte loads and high inputs of 
sediments, nutrients and freshwater 
• the influence of climatic cycles (such as 
droughts) and the possible role of nutrient 
limitation, particularly in the southern part 
of PPB. 
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Introduction 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). Seagrasses are highly productive 
ecosystems, supporting diverse faunal 
assemblages, many of commercial importance. 
Seagrass plants filter and retain nutrients, 
stabilise sediments and baffle wave energy, 
protecting adjacent coastal shorelines from 
erosion. 
The Seagrass Monitoring Program is described in 
the Port of Melbourne Corporation (PoMC) 
Channel Deepening Baywide Monitoring 
Programs (CDBMP) Seagrass Monitoring 
Detailed Design (PoMC 2010). 
The objective of this program is to detect changes 
in seagrass health in PPB outside expected 
variability. The program consists of three main 
elements: 
• Annual large-scale monitoring of seagrass 
coverage at nine aerial assessment regions 
using aerial mapping and periodic video 
ground-truthing in April/May 
• Small-scale monitoring of seagrass health for 
six of the nine regions at representative field 
assessment plots sampled quarterly 
• Monitoring of key parameters that are 
known to affect seagrass health (e.g. epiphyte 
abundance). 
Purpose of this Report 
This final milestone report presents:  
• A summary of results for the small-scale 
monitoring of seagrass health undertaken in 
spring (October-November) 2011 
• Information on factors that are known to 
influence seagrass health where this aids 
interpretation of changes in seagrass health 
• A discussion of trends in the data observed, 
along with statistical comparisons examining 
changes in seagrass health variables between 
winter and spring 2011, and between spring 
2011 and the mean of spring sampling events 
from 2008–10 
• Discussion of QA/QC issues and any 
irregularities, along with any associated 
implications for the data. 
• An overview of trends in seagrass health at 
the small spatial scale and trends in seagrass 
area at the larger spatial scale from autumn 
2008 to spring 2011 (a period spanning 45 
months) 
• A conceptual model examining the role of 
key drivers of seagrass distribution and 
abundance in PPB. 
Previous results from this program were 
reported in Hirst et al. (2008; 2009a, b, c, d, e, 
2010a, b, c, d, 2011a, b, c, d).  
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Materials and Methods 
Project design and methods for this program are 
described in PoMC (2010) and Hirst et al. (2008; 
2009a, b, c, d). This milestone report focuses on 
changes to seagrass health. The format of this 
report was simplified from Milestone Report No. 
8 (Hirst et al. 2010b) onwards.  
This report presents results for a single element: 
• Small-scale monitoring of seagrass health in 
six regions (Table 1, Figure 1). 
The location of field-assessment plots for small-
scale seagrass monitoring in PPB is shown in 
Figure 1. 
Principal component analysis: 
summary of seagrass health 
trends 2008–2011 
Variation in seagrass health variables cover, 
length and stem/shoot density over the period 
autumn 2008 to spring 2011 was summarized 
using Principal Components Analysis (PCA). 
PCA is a statistical method for examining 
correlations between variables by grouping the 
variables into “principal components” so that 
variables within each component are more highly 
correlated with variables in that component than 
with variables in other components. The 
relationships inherent between large numbers of 
variables can often adequately be summarised in 
a smaller number of components (Quinn and 
Keough 2002).   
QA/QC 
There were no significant QA/QC issues 
recorded, and no significant field events 
observed which may have influenced results 
during this reporting period. 
 
 
Table 1. Summary of small-scale seagrass monitoring plots within regions.  
Region Field Assessment Plots 
 Intertidal Shallow (1–2 m) Deep (2–5 m) 
Kirk Point    
Point Richards    
St Leonards 1    
St Leonards 2*    
Swan Bay 1  #  
Swan Bay 2    
Mud Islands    
Blairgowrie    
* Contingency deep plot for St Leonards 1 deep. # Extra field-assessment plot established in July/Aug 2008 due to positional error in 
location of original Swan Bay shallow plot established in April/May 2008 (renamed to Swan Bay 2) relative to position of historical 
sampling plot (see Hirst et al. 2009a and ER2008#13). 
 
 
  
3 
 
Figure 1. Locations of monitoring regions and small-scale field assessment plots in Port Phillip Bay. 
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Results 
Tables and figures incorporating data from the 
reporting period October-November (spring) 
2011 are presented in Appendix 1 & 2.  
Seagrass health 
Change in seagrass health was examined by 
comparing seagrass health in spring 2011 with 
winter 2011, and with the mean of the 
corresponding season (spring) in 2008, 2009 and 
2010. Statistically significant changes in seagrass 
cover, length and stem/shoot density for these 
comparisons are detailed in Table 3 and 4 
(Appendix 1), and are summarised below.  
Seagrass health data for subtidal plots (shallow 
and deep) containing Heterozostera nigricaulis, 
and intertidal plots typically dominated by 
Zostera muelleri, are presented in Figures 4–11 
(Appendix 2). 
Seagrass cover between winter and spring 2011: 
• In shallow subtidal plots, increased at Swan 
Bay 1 and Kirk Point, and was unchanged at 
Blairgowrie, Mud Islands, Swan Bay 2, St 
Leonards and Point Richards (Table 3, Figure 
4) 
• In deep subtidal plots, increased at Mud 
Islands and St Leonards 2, decreased at 
Blairgowrie and St Leonards 1, and was 
unchanged at Point Richards (Table 3, Figure 
5) 
• In intertidal plots, decreased at Mud Islands 
and Swan Bay and was unchanged at St 
Leonards and Point Richards (Table 4, Figure 
10A). 
Intertidal plots at Mud Islands and Swan Bay 
supported both Z. muelleri and Lepilaena marina. 
The intertidal plots at Mud Islands in spring 2011 
continued to be dominated by Z. muelleri (Figure 
11). Where previously the Swan Bay plot was 
dominated by L. marina, cover of this species at 
this plot has declined by >80% between spring 
2010 and 2011 (Figure 11).  
Seagrass length between winter and spring 2011: 
• In shallow subtidal plots, decreased at St 
Leonards and Point Richards, and was 
unchanged at Blairgowrie, Mud Islands, 
Swan Bay 1 and 2, and Kirk Point (Table 3, 
Figure 6) 
• In deep subtidal plots, decreased at Point 
Richards, and was unchanged at Blairgowrie, 
Mud Islands, St Leonards 1 and 2 (Table 3, 
Figure 7) 
• In intertidal plots, was unchanged (Table 4, 
Figure 10B). 
Shooting stem/shoot density between winter and 
spring 2011: 
• In shallow subtidal plots, increased at Swan 
Bay 1 and St Leonards, and was unchanged 
at Blairgowrie, Mud Islands, Swan Bay 2, 
Point Richards and Kirk Point (Table 3, 
Figure 8A) 
• In deep subtidal plots, increased at Mud 
Islands and St Leonards 2, and was 
unchanged at Blairgowrie, St Leonards 1 and 
Point Richards (Table 3, Figure 9A) 
• In intertidal plots, was unchanged (Table 4, 
Figure 10C). 
Seagrass cover in spring 2011, compared with the 
mean of spring in 2008–10: 
• In shallow subtidal plots, was higher at 
Blairgowrie, Mud Islands, St Leonards and 
Kirk Point, lower at Swan Bay 2, and 
unchanged at Swan Bay 1 and Point Richards 
(Table 3, Figure 4) 
• In deep subtidal plots, was higher at Mud 
Islands and St Leonards 1, and unchanged at  
Blairgowrie, Point Richards and St Leonards 
2 (Table 3, Figure 5) 
• In intertidal plots, was higher at St Leonards, 
lower at Swan Bay, and unchanged at Mud 
Islands and Point Richards (Table 4, Figure 
10A). 
Seagrass length in spring 2011, compared with 
the mean of spring 2008–10: 
• In shallow subtidal plots, was higher at Mud 
Islands, Swan Bay 1, St Leonards and Kirk 
Point, lower at Swan Bay 2, and unchanged 
at Blairgowrie and Point Richards (Table 3, 
Figure 6) 
• In deep subtidal plots, was higher at 
Blairgowrie, Mud Islands and St Leonards 1, 
lower at Point Richards and unchanged at St 
Leonards 2 (Table 3, Figure 7) 
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• In intertidal plots, was higher at St Leonards, 
and unchanged at Mud Islands, Swan Bay 
and Point Richards (Table 4, Figure 10B). 
Shooting stem/shoot density in spring 2011, 
compared with the mean of spring 2008–10: 
• In shallow subtidal plots, was higher at Swan 
Bay 1, St Leonards and Kirk Point, lower at 
Swan Bay 2, and unchanged at Blairgowrie, 
Mud Islands and Point Richards (Table 3, 
Figure 8A) 
• In deep subtidal plots, was higher at 
Blairgowrie, Mud Islands and St Leonards 1, 
and was unchanged at St Leonards 2 and 
Point Richards (Table 3, Figure 9A) 
• In intertidal plots, was lower at Point 
Richards, and was unchanged at Mud 
Islands, Swan Bay and St Leonards (Table 4, 
Figure 10C). 
Intertidal seagrass upper limits 
Spatial changes in the monitoring lines, 
indicating the upper extent of intertidal seagrass 
at Mud Islands, St Leonards and Point Richards 
are presented in Figures 12–14 (Appendix 2).  
The positions of the intertidal monitoring lines at 
Mud Islands (Figure 12) remained relatively 
stable during the monitoring program. The 
positional change in all the lines since winter 
2011 was mostly <2.0 m in a predominantly 
seaward direction. The positional change in 
spring 2011 compared with the start of the 
program in autumn 2008 was mostly <2 m for all 
lines, apart from sections near the centre of Lines 
1 and 2, and the western end of Line 3 which had 
moved by up to 4 m.  
A large amount of seagrass wrack and drift algae 
deposited at the northern end of monitoring Line 
1 at St Leonards prevented this section of the 
monitoring line from being mapped in spring 
2011. The remainder of Line 1 mostly moved <1.5 
m in a seaward direction since winter 2011 
(Figure 13). Lines 2, 3 and backup Line 4 were 
mostly within 2.0 m of their position in winter 
2011. 
The positional change at St Leonards in spring 
2011 compared with the start of the program was 
mostly <2.5 m in a seaward direction at Line 1. 
Line 2 had moved by up to approximately 3 m in 
a landward direction while Lines 3 and 4 had 
moved by up to approximately 4 m in a 
predominantly landward direction compared 
with autumn 2008.  
The intertidal seagrass monitoring lines at Point 
Richards have been subject to sand deposition 
and seagrass burial during the monitoring 
program (Figure 14). Line 1 at Point Richards has 
been present throughout the program and was 
largely unaffected by sand burial. Line 1 was 
mostly within 2.0 m of its position in winter 2011, 
apart from a section at its centre, which had 
moved landward by up to approximately 5 m. 
The positional change in spring 2011, compared 
with the start of the program, was up to 
approximately 5.5 m in a seaward direction.  
Line 2 at Point Richards was completely buried 
between spring and winter 2009, before being 
fully recovered by autumn 2010. It was then 
completely buried by spring 2010, until it was 
again partially recovered by winter 2011. The 
northern end of Line 2 remained buried in spring 
2011 and the remainder of the line moved 
landward by approximately 2.5 m since winter 
2011. The positional change on Line 2 in spring 
2011 compared with the start of the program was 
up to approximately 3.5 m in a seaward 
direction. 
Line 3 at Point Richards was completely buried 
by spring 2008 with only partial recovery by 
autumn 2010 and an ongoing pattern of complete 
burial followed by partial recovery for the rest of 
the survey program. Seagrass at Line 3 had 
partially recovered by winter 2011 after being 
completely buried by autumn 2011, and was split 
into two separate sections. Line 3 had not fully 
recovered by spring 2011, and was still split in 
two separate sections. These two sections were 
mostly within 1.5 of their position in winter 2011, 
apart from the northern end which had moved 
seaward by up to approximately 4.5 m. The 
positional change in Line 3 in spring 2011 
compared with the start of the program was up 
to approximately 2.5 m in a seaward direction on 
the southern section, and up to approximately 7 
m seaward on the northern section. 
Backup Line 4 at Point Richards was completely 
buried by spring 2008, fully recovered by 
summer 2010 and then completely buried again 
by spring 2010. Line 4 recovered by summer 
2011, was completely buried again by autumn 
2011 and mostly recovered by winter 2011. Most 
of Line 4 was again buried by spring 2011, with 
seagrass only present on a short section at its 
southern end. The positional change of the 
southern section remaining of Line 4 in spring 
2011 compared with the start of the program was 
up to approximately 6.0 m in a predominantly 
landward direction. 
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Subtidal seagrass lower limits 
From video surveys, the mean maximum 
observed depth of shooting H. nigricaulis stems 
was 7.1 m along the Blairgowrie transects and 6.2 
m along the Point Richards transects in spring 
2011 (Figure 15). Seagrass was observed on ten of 
11 transects at Blairgowrie, and nine of 11 
transects at Point Richards during spring 2011.  
Maximum seagrass depth was greater at 
Blairgowrie than Point Richards in spring 2011 
(F1,17=4.97, P=0.04). Maximum seagrass depth has 
generally been greater at Point Richards than 
Blairgowrie (F1,217=152, P<0.001) between spring 
2008 and spring 2011 (Figure 15).  
Maximum seagrass depth at Blairgowrie was 
unchanged between winter and spring 2011 
(planned contrast, t = -0.381, P>0.05). Maximum 
seagrass depth at Blairgowrie in spring 2011 was 
no different than spring 2010 or 2009 (planned 
contrasts, P>0.05) (Figure 15). As shooting-stems 
were only found along one transect in spring 
2008, no statistical comparisons between spring 
2008 and other years was possible. 
Maximum seagrass depth at Point Richards 
decreased between winter and spring 2011 
(planned contrast, t = -3.5, P<0.001). Maximum 
seagrass depth at Point Richards in spring 2011 
was less than spring 2010 (planned contrast, t=-
2.7, P<0.001), spring 2009 (planned contrast, t=-
3.5, P<0.001) and spring 2008 (planned contrast, 
t=-2.5, P<0.001) (Figure 15).  
Factors that affect seagrass health 
Epiphyte cover varied significantly between 
regions during the reporting period, consistent 
with past results (Figure 16–17).  
Macroalgal epiphyte cover remained high (>90%) 
at the Swan Bay 1 and 2 shallow plots in spring 
2011 ((Figure 16C). Large declines (>70%) in 
seagrass cover were observed between spring 
2008 and summer 2009 at Swan Bay 1 plot and 
between summer and autumn 2010 at Swan Bay 
2 plot (Figure 17). These declines coincided with 
high macroalgal epiphyte cover. Increases in 
seagrass cover at Swan Bay 1 between spring 
2010 and spring 2011 corresponded with 
reductions in macroalgal epiphyte cover at this 
plot (Figure 17). 
Macroalgal epiphyte cover increased at the 
Blairgowrie and St Leonards 1 deep plots 
between spring 2009 and spring 2011 in 
association with increases in seagrass cover at 
these plots over the same period (Figure 18C).  
Macroalgal epiphyte cover increased at the Swan 
Bay intertidal plot between autumn 2011 and 
spring 2011, covering 74% of the intertidal plot 
by spring 2011 (Figure 19C). This increase 
coincided with reductions in seagrass cover at 
this plot. 
Seagrass health trends: 2008–2011 
Temporal trends in seagrass health from 2008 to 
2011 were summarized using PCA (Principal 
Components Analysis) (Figure 20 and 21). A 
single principal component summarized variance 
expressed in seagrass cover, length and 
stem/shoot density because variables are highly 
correlated (P<0.001, Table 5). A single principal 
component explained 90% of the variance in 
these three seagrass variables for the shallow 
subtidal plots, 82% of variance for the deep 
subtidal plots and 88% of variance for the 
intertidal plots. The high level of variance 
explained by a single principal component is due 
to high correlation between seagrass variables.  
Correlations between cover and stem/shoot 
density counts were high (Pearson correlation 
coefficients = 0.81–0.91), despite counts being 
recorded in ≤25% of the total quadrat area. 
Overall, the high correlations observed between 
seagrass variables suggest that seagrass variables 
are largely interchangeable in terms of the 
information they convey about changes in 
seagrass health. 
Transformed variables of seagrass cover, length 
and stem/shoot density displayed high (>0.88) 
and positive component loadings with the 
principal component, indicating that seagrass 
variables were strongly and positively correlated 
with principal component scores. That is, high 
PCA scores are indicative of high cover, length 
and stem/shoot densities. Consequently, 
principal component scores were plotted as a 
single measure to examine changes in seagrass 
health between 2008–2011.   
Seagrass health in the shallow subtidal plots 
displayed a range of trends between autumn 
2008 and spring  2011 (Figure 20A). Seagrass 
health was: 
• highest at Blairgowrie and Mud Islands  
• initially high at both Swan Bay plots, but 
decreased at Swan Bay 1 between spring 
2008 and summer 2009, and at Swan Bay 2 
between summer 2010 and autumn 2010. 
Seagrass health had largely recovered at 
Swan Bay 1 by spring 2011  
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• initially low at Point Richards, Kirk Point 
and St Leonards. Seagrass health increased at 
Kirk Point and St Leonards between summer 
and spring 2011, but remained relatively low 
at Point Richards between autumn 2008 and 
spring 2011. 
Seagrass health at the deep subtidal plots also 
displayed a range of trends between autumn 
2008 and spring 2011 (Figure 20B). Seagrass 
health was:  
• initially high at the Mud Islands and St 
Leonards 2 plots, but decreased after 
summer 2009. By spring 2011 seagrass health 
had totally recovered at Mud Islands and 
was beginning to recover at St Leonards 2  
• initially low at the Blairgowrie, Point 
Richards and St Leonards 1 plots. Seagrass 
health at Blairgowrie and St Leonards 1 
increased substantially from summer 2009. 
Following spring 2010 seagrass health 
declined at the Blairgowrie plot, but was 
higher than the start of the program 
• low at Point Richards between autumn 2008 
and spring 2011. 
Seagrass health has remained relatively stable at 
the Mud Islands, St Leonards and Swan Bay 
intertidal plots between autumn 2008 and spring 
2011 (Figure 21). In contrast, seagrass health at 
Point Richards decreased from autumn 2008, and 
had totally disappeared from this plot by winter 
2009. Seagrass recolonised this plot in summer 
2010, but remained low through to spring 2011.
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Discussion 
Seagrass health in spring 2011 
Subtidal 
Subtidal seagrass health varied appreciably 
between plots in spring 2011, consistent with the 
variable pattern of seagrass health observed at 
the small spatial scale for subtidal seagrasses 
over the duration this program (Table 2). 
Seagrass health was either higher than, or 
consistent with, past seasonal trends recorded at 
all subtidal plots, except Swan Bay 2 where 
seagrass cover, length and stem density were 
lower than the seasonal (spring) mean observed 
at this plot, and Point Richards (deep) where 
seagrass length was lower than the seasonal 
trend at this plot.  
Intertidal 
The health of seagrass at intertidal plots was 
consistent with past seasonal trends recorded at 
these plots (Table 2). Intertidal seagrass cover, 
length and shoot density remained high at Mud 
Islands, St Leonards and Swan Bay, and low at 
Point Richards. Small decreases in the cover of 
seagrass at the Swan Bay plots may be partly 
explained by the shift in the dominant seagrass 
species at this plot. This plot is now dominated 
by Z. mulleri, where once it was dominated by 
the aquatic macrophyte L. marina.  
Seagrass cover remains very low at Point 
Richards, and there has been little re-colonisation 
since seagrass reappeared at this plot in summer 
2010.  
Seagrass trends: 2008–2011 
No common trend in subtidal seagrass health 
was observed at the small-scale in either the 
shallow (1–2 m) or deep (2–5 m) plots during this 
study (see trends summarized using PCA in 
Figure 20). The absence of a seasonal trend in 
seagrass health parameters is consistent with the 
findings of Campbell and Miller (2002). 
Small-scale variation in seagrass health reflected 
processes operating at a range of spatial scales. 
Declines in seagrass health occurred at the scale 
of individual plots in Swan Bay in response to 
high epiphyte loadings (see above). Similarly, 
whilst seagrass began to recover at one Swan Bay 
plot, there was no evidence of recovery at the 
other plot by the end of the monitoring program 
in spring 2011. This pattern implies that the 
influence of epiphytes in Swan Bay is not 
spatially uniform (note, plots are separated by 
approx. 200 m), but operates at a mosaic of 
smaller spatial scales within Swan Bay. 
Variation in seagrass health at the small-scale 
could regularly be linked to changes in seagrass 
area at the larger spatial scale. Increases in 
seagrass health at Kirk Point (shallow), Mud 
Islands (deep) and St Leonards 1 (deep) plots 
between summer 2011 and spring 2011 were 
associated with increases in seagrass area at the 
larger spatial-scale in each of these regions 
between autumn 2010 and autumn 2011 (Hirst et 
al. 2011d). Similarly, stable patterns in seagrass 
health such as that exhibited at Blairgowrie and 
Mud Islands shallow plots over the course of this 
program were matched by relatively little 
changes in seagrass at the larger spatial scale in 
these regions from 2008 to 2011 (Ball et al. 2009, 
Hirst et al. 2011d).  
Seagrass health at the intertidal plots, with the 
exception of Point Richards, remained relatively 
stable over the course of this program between 
2008 and 2011 (see Figure 21). Seagrass health 
remained high at Swan Bay from autumn 2008 to 
spring 2011, despite a significant shift in the 
composition of the seagrass assemblage at this 
plot (from L. marina to Z. muelleri as the dominant 
species). The shift in seagrass species 
composition at the Swan Bay intertidal plots 
between spring 2010 and spring 2011 appears 
also to have coincided with higher rainfall during 
this period, and a decline in L. marina cover at 
Mud Islands over the latter part of this study. 
There is insufficient information about the 
biology of L. marina to reliably link changes in the 
abundance of this species to climatic variability 
at this stage.  
Seagrass area at the large spatial scale displayed 
greater uniformity in overall trends. Seagrass 
area increased in five of the aerial assessment 
regions and, at a broader spatial-scale, seagrass 
area increased in nine of 12 PPB seagrass regions 
between autumn 2010 and 2011 following a 
period of relative stability from 2008 to 2010 
(Hirst et al. 2011d). Seagrass area was unchanged 
in the other regions. Recent increases in seagrass 
area suggest overall improvements in seagrass 
health following a period of prolonged drought 
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conditions extending from 1997 to 2009. 
Although total seagrass area in PPB increased 
between 2008 and 2011, seagrass area in the 
Blairgowrie and Point Richards aerial assessment 
regions remained at near historically low levels. 
Historical time series suggest that it may take 20–
30 years for seagrass to recover to 1990s levels, 
based on past trends at these locations (see 
Figure 3). 
This program measured a range of seagrass 
health variables, some of which are difficult and 
time-consuming to measure in the field (e.g. 
shoot/stem density counts). Collection of these 
variables increases the costs associated with 
monitoring, and may increase the complexity of 
analyses and their subsequent interpretation. The 
collection of a larger number of seagrass health 
variables may come at the cost of increased 
spatial and/or temporal replication, either at the 
scale of the plot or within the seagrass bed, 
thereby potentially reducing the statistical power 
and sensitivity of the tests (Ball et al. 2010). 
Principal components analysis (PCA) proved to 
be a useful method for summarising trends in 
seagrass cover, length and shoot/stem density 
because these variables are highly correlated. 
This is to be expected, as these variables all 
measure aspects of seagrass canopy structure, 
and are therefore likely to be interrelated. The 
outcomes of this analysis suggest there is a high 
degree of redundant information conveyed by 
these variables, and that a single variable may 
function as a useful proxy for all three variables. 
Ball et al. (2010) suggest percent cover may be a 
useful proxy for seagrass health under a range of 
circumstances because it was strongly correlated 
with the first PCA axis for three seagrass species 
examined in their study, and is the simplest of 
the variables to measure in the field.  
Conceptual model for PPB 
A conceptual model examining the role of key 
drivers and their relative importance in 
determining seagrass distribution and abundance 
in PPB is presented in this final milestone report. 
This model builds on an earlier preliminary 
model outlined in Hirst et al. (2010b), and has 
been developed from information collected in 
this program, including: 
• observations of seagrass health at individual 
plots undertaken at a small spatial scale (~10 
m2) 
• information about change in seagrass area at 
the scale of individual seagrass meadows (1–
2 km) 
• broad-scale information about changes in 
seagrass area and distribution at the larger, 
regional scale (~10 km). 
The conceptual model also draws upon a range 
of previous studies, the scientific literature, and 
is augmented by the use of historical analyses of 
change in seagrass area over the past 70 years 
(Ball et al. 2009). The latter assists in placing our 
current understanding of the health of seagrass 
in PPB into a broader historical perspective.  
Previous reports in this series indicate that 
seagrass abundance in PPB is dynamic at a range 
of spatial and temporal scales. Past trends 
inferred from time series of historical aerial 
photography indicate that seagrass area at large 
spatial scales (1–10 km) has varied substantially 
at a number of locations around PPB over the 
past 70 years (Ball et al. 2009). At a much smaller 
spatial scale (1–10 m), seagrass cover, length and 
stem/shoot density varied considerably over 
much shorter time scales (months-years) (Hirst et 
al. 2008; 2009a, b, c, d, e, 2010a, b, c, d, 2011a, b, c, 
d). 
The conceptual model developed here largely 
emphasizes mechanisms that either limit 
seagrass distribution in PPB, or are responsible 
for the decline of seagrass health and 
consequently the loss of seagrass area. The model 
is less satisfactory in promoting mechanisms that 
explain the expansion of seagrass area. 
Furthermore, the importance of these drivers has 
largely been derived from observational data, 
and should be interpreted cautiously at this stage 
because the causal mechanisms have not been 
thoroughly tested. The importance of these 
mechanisms needs to be tested further at a range 
of spatial scales using a range of experimental, 
observational and modelling techniques. 
Key drivers of seagrass distribution and 
abundance in PPB 
Light, depth and sediment transport processes 
are considered to be the primary factors 
determining seagrass distribution in subtidal 
environments, whereas desiccation stress and 
beach erosion/sediment deposition, limit 
respectively, the upper and longshore 
distribution of seagrass in intertidal 
environments (Larkum et al. 2006). It is also 
hypothesize that seagrass in PPB may be 
influenced by climatic cycles (e.g. rainfall) that 
potentially affect a range of factors that influence 
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the growth and survival of seagrass assemblages. 
This hypothesis is based largely on analyses of 
historical trends in seagrass abundance over the 
past 70 years, and requires further testing to 
elucidate the importance of these cycles on 
seagrass abundance. The following sections 
consider these factors with respect to PPB. 
Light/depth 
Seagrass depth limits are typically thought to be 
determined by the amount of light available to 
support photosynthesis, growth and 
reproduction. Depth and water clarity (turbidity) 
both directly influence the amount of light 
reaching the benthos via their impact on light 
attenuation.  
Light attenuation was measured at 6 stations in 
PPB between April-May 2008 and April 2010. In 
the southern part of PPB water clarity was high 
during this period, with light attenuation (Kd) in 
the range of 0.1–0.25 m-1 and rarely exceeding 0.5 
m-1 (Hirst et al. 2010a). Light attenuation is 
generally higher in the northern reaches of PPB 
and in Corio Bay due to lower water clarity (CEE 
2007) but, with the exception of Kirk Point, no 
seagrass in this region was monitored during this 
program.  
Periods of high turbidity were often associated 
with higher light attenuation, but were generally 
brief in duration (e.g. 3–4 days) (Hirst et al. 2008; 
2009a, b, c, d, e, 2010). These periods are unlikely 
to have a significant long-term impact on 
seagrass health as many species of seagrass 
display physiological adaptations to cope with 
short-term reductions in light (Bite et al. 2007, 
Collier et al. 2009, 2010).   
Seagrasses have much higher light requirements 
than marine macroalgae, and are typically 
restricted to clear, shallow waters. In coastal 
waters of southern Australia, H. nigricaulis grows 
to depths of about 8 m, but has been recorded in 
deeper, clearer oceanic waters along the open 
coast (Womersley 1984). In PPB, most seagrass 
beds are restricted to shallow waters typically <5 
m deep (Blake and Ball 2001), but individual 
seagrass plants have been recorded at depths of 
up to 10 m (Figure 15). This maximum depth 
limit is consistent with the predictions for H. 
nigricaulis in PPB undertaken by CEE (2007). 
Assuming a minimum light requirement of 13% 
of surface irradiance for H. nigricaulis (Bulthuis 
1983) and an average Kd of 0.25 m-1 for southern 
part of PPB, the compensation depth was 
calculated to be approximately 10 m (CEE 2007).  
Whilst this prediction is helpful in explaining at 
what depths seagrass may grow in PPB, it is less 
satisfactory in explaining why seagrass beds are 
largely restricted to depths less than 5 m, despite 
sufficient light to support growth below this 
depth. This finding tends to suggest that light is 
not the primary factor influencing the maximum 
depth of seagrass beds in PPB, and that other 
factors may play a greater role in the vertical 
distribution of subtidal seagrass beds.  
Seasonal changes in the daily photoperiod and 
temperature are known to directly influence 
seagrass growth rates (Bulthuis 1987), but the 
extent to which variation in growth rates 
influences variation in seagrass cover, length and 
stem/shoot density is unclear. This study found 
no seasonal trend for seagrass health parameters 
over the duration of this monitoring program 
(see Figure 20 and 21), and little relationship 
between variation in subtidal seagrass health 
(either increases or decreases) and light 
attenuation. This is in part because, whilst 
seagrass cover, length and stem densities varied 
appreciably between autumn 2008 and autumn 
2010, light attenuation remained relatively 
constant throughout this period. 
Water quality and epiphytes  
The pathway most commonly implicated in the 
loss of seagrass in southern Australia is that 
driven by elevated inputs of nutrients and/or 
suspended sediments into coastal waters 
(typically anthropogenic in origin), which leads 
to elevated levels of phytoplankton and 
epiphytic algal growth and productivity (Ralph 
et al. 2006). Higher loads of suspended particles 
associated with phytoplankton blooms and 
elevated turbidity impede light transmission to 
the benthos, leading to reduced seagrass 
photosynthesis and increased mortality. Higher 
nutrient loads stimulate high benthic algal 
productivity resulting in smothering or shading 
of seagrass. This pathway driven by changes in 
water quality has been implicated in the loss of 
seagrass from Cockburn Sound, Western 
Australia (Walker et al. 2006) and along the 
Adelaide metropolitan coast (Wesphalen et al. 
2004). 
Changes in water quality characterised by lower 
water clarity and higher levels of suspended 
sediments, nutrients and chlorophyll a 
concentrations do not appear to be important 
drivers of seagrass health at a broad spatial scale 
in PPB. Victoria’s climate has undergone an 
abrupt change from prevailing drought 
conditions (1997–2009) to above average rainfall 
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from late 2009 onwards (EPA 2011). This climatic 
shift resulted in increased river flows and 
elevated levels of nitrogen (oxidised nitrate) and 
chlorophyll a throughout PPB from mid 2010 
onwards (EPA 2011). Contrary to the 
expectations of models used elsewhere in 
Australia, seagrass area appears to have 
increased across PPB during this period (Hirst et 
al. 2011d), despite change in overall water quality 
(but see also discussion of the role of climatic 
variability below).  
Water quality characterised by higher localised 
inputs of sediments, nutrients and freshwater 
may influence the health of seagrass beds located 
in close proximity to point sources. Such inputs 
may be localised drivers of seagrass health in 
some parts of PPB. For example, the high 
variation in seagrass area observed at Kirk Point 
from 2008 to 2011 may have been influenced by 
freshwater flows from the Murtcaim drain at the 
WTP (Hirst et al. 2009e).  
Seagrass leaves also support a diverse array of 
epiphytic biota, including algae and encrusting 
sessile invertebrates. Epiphytic algae are 
ecologically very important components of 
seagrass meadow ecosystems, contributing >50% 
of total primary productivity within seagrass 
meadows (Borowitza et al. 2006) and constituting 
the primary food source for resident herbivorous 
fish and invertebrates (Edgar 2001). However, in 
high abundance, epiphytic algae may also cause 
excessive shading of seagrass leaves leading to 
impaired photosynthesis, reduced growth and 
eventually seagrass mortality (Hauxwell et al. 
2001, Wesphalen et al. 2004, Ralph et al. 2006).  
Declining seagrass health was linked to 
competition with macroalgal epiphytes on two 
separate occasions during this study. Reductions 
in seagrass health at Swan Bay 1 between spring 
2008 and summer 2009, and Swan Bay 2 between 
summer 2010 and autumn 2010 were both 
associated with persistent and very high levels 
(>95%) of macroalgal cover. In contrast, epiphytic 
algal levels outside of Swan Bay have remained 
much lower, and reductions in seagrass health, 
where they occurred, could generally be 
attributed to other causes. Seagrass epiphytes 
displayed no clear seasonal variation or overall 
trend during this study. 
These findings suggest that fluctuations in 
epiphytic macroalgal loads may be important 
drivers of seagrass health in Swan Bay, and that 
past cycles of seagrass decline and recovery 
observed in Swan Bay (Longmore et al. 2002) may 
also have been explained by fluctuations in 
epiphyte loads. Longmore et al. (2002) found that 
most of the nutrient/sediment inputs to Swan 
Bay occurred during high rainfall events, and 
that seagrass decline in the mid 1990s was linked 
to periods of high rainfall. Swan Bay is a semi-
enclosed, shallow marine embayment with 
restricted tidal flushing, and may be susceptible 
to inputs from the catchment. It is worth noting 
that the large declines in seagrass health 
observed at the two plots in Swan Bay preceded 
the end of the drought in mid 2010. 
Water movement and sediment transport 
Zosteraceae seagrass species are particularly 
sensitive to burial and erosion driven by changes 
in bottom sediment transport, and a number of 
studies have demonstrated high seagrass 
mortality as a result of natural or experimental 
burial and erosion (Mills and Fonseca 2003, 
Ralph et al. 2006, Cabaco et al. 2008). There is 
substantial observational evidence to support the 
impact of these processes on seagrass beds in 
PPB. Both processes have been implicated in the 
loss of intertidal seagrass at Point Richards 
(burial and erosion) and at the deep plots at St 
Leonards (principally erosion) during this study 
(Hirst et al. 2009c, e). Whilst Zosteraceae species 
are more vulnerable to burial and erosion than 
longer-lived species (such as Posidonia), they 
typically recover faster (Cabaco et al. 2008). This 
patchwork of burial/erosion events and 
subsequent re-colonisation may generate a 
mosaic of seagrass patches in varying states of 
recovery in regions subjected to these processes 
(Koch et al. 2006). 
The pattern of seagrass distribution in PPB is also 
indicative of the importance of physical 
processes such as winds, waves and currents in 
determining the spatial arrangement and size of 
seagrass meadows. In PPB the largest expanses of 
seagrass meadows are located in regions that are 
protected from prevailing westerly (NW–W–SW) 
winds, such as Swan Bay, Corio Bay and the 
western section of the Geelong Arm (Figure 2). 
By comparison, there is little seagrass present 
along the coastline most exposed to these 
prevailing winds, such as the eastern shore of 
PPB. Turbulent wave action generated by winds 
is thought to preclude Zosteraceae seagrasses 
from high energy environments by physically 
up-rooting seagrass plants (particularly during 
storm events) (Koch et al. 2006). By comparison, 
some seagrasses, most notably Posidonia directly 
resist wave action by producing deeply-rooted 
rhizomes that form dense mats within the 
sediment. 
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The distribution of seagrass meadows in the 
southern half of PPB is fragmented, and 
meadows of any significant size are largely 
restricted to the shore of the Bellarine Peninsula 
and the north-facing coast of the Mornington 
Peninsula. This is a region subject to high tidal 
flows and ocean swells from Bass Strait (Bird 
2011), and is characterised by complex 
hydrodynamic processes that influence the 
movement of sediments within this region. Using 
historical aerial photos dating back to the 1960s 
Ball et al. (2009) showed how the morphology of 
the Mud Islands system has changed 
dramatically over this period. 
 
Figure 2. Map of seagrass distribution in Port 
Phillip Bay, circa. 2000. (Blake and Ball 2001) 
Desiccation stress 
Desiccation is considered to be the primary factor 
determining the upper limit of seagrass in the 
intertidal zone. The upper distributional limits of 
intertidal seagrass are in part defined by a 
combination of extreme summer temperatures 
and exposure to the air that precludes seagrass 
from upper reaches of the intertidal zone.  
Seagrass upper limits varied appreciably in PPB 
during this study between autumn 2008 and 
spring 2011, but displayed no overall trend at 
Mud Islands or St Leonards. Indeed, there is no 
evidence that upper limits displayed any 
seasonal pattern in shore height e.g. there were 
no consistent differences between 
summer/autumn and winter/spring upper limits 
(analysis not shown)). The loss of intertidal 
seagrass along some monitoring lines at Point 
Richards and the seaward migration of the upper 
seagrass limits along other lines at this location 
between autumn 2008 and spring 2011 was 
attributed to sand accretion along the shore, 
rather than desiccation or heat stress.  Also, the 
bulk of the losses occurred during the cooler 
winter months of 2008 and 2009 (Hirst et al. 
2009c, e). Despite increases in seagrass area in 
other parts of PPB, seagrass has only partially 
recovered at this location.  
The role of climate variability 
Historical trends for seagrass abundance in PPB 
suggest that climatic variability may play a role 
in driving seagrass abundance in some regions. 
Historical time series derived from aerial 
photography show that seagrass area at 
Blairgowrie, Point Richards (Bellarine Bank) and 
St Leonards declined rapidly from the late 1990s 
onwards (Figure 3). Between 1997 and 2009 over 
90% of seagrass area disappeared at Blairgowrie 
and Point Richards, and over 60% of seagrass 
area disappeared at St Leonards. This decline 
coincided with the onset of a prolonged period of 
drought in southern Australia (1997–2009) 
characterised by lower nutrient and freshwater 
inputs and increased water clarity in the 
southern and central regions of PPB (Spooner et 
al. 2011). The seagrass area recorded at each of 
these three locations during the recent drought 
(circa. 2009) was similar to historically low levels 
recorded at these locations following the last 
major drought – the WW II drought (1937–1945) 
(Figure 3). 
Recent increases in seagrass area observed in PPB 
have coincided with a climatic shift in rainfall 
patterns from prevailing drought conditions 
(1997–2009) to above average rainfall during 
2010/11. Following a period of relative stability 
from 2008 to 2010, seagrass area increased at five 
of the nine aerial assessment regions and nine of 
the 12 PPB seagrass regions between autumn 
2010 and 2011 (Hirst et al. 2011d) (Figure 3). 
Historically, seagrass area at Blairgowrie, Point 
Richards and St Leonards increased during a 
‘wetter’ climatic period from 1960s through to 
the mid 1990s. 
The links between longer-term climatic cycles 
and total seagrass abundance in PPB remain 
largely untested despite this pattern, and the 
precise mechanisms that drive such climatic 
variability remain unclear. Although seagrass 
area has declined substantially at a number of 
locations in the southern part of PPB, seagrass 
area remained relatively stable at Swan Bay 
(1974–2011) and to a lesser extent Mud Islands 
(1984–2011), and seagrass area at Kirk Point 
actually increased over this period (possibly due 
to the influence of the Murtcaim drain) (Ball et al. 
2009). Hence, the previously described pattern is 
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not one that affects all seagrass regions of PPB 
uniformly. 
Seagrass area declined during a period (1997–
2009) when nutrients loads to PPB declined and 
water clarity increased (Spooner et al. 2011), 
conditions generally considered optimal for 
seagrass survival and growth in other systems. 
As a consequence, this decline cannot be 
attributed to those drivers of seagrass health 
typically implicated in the loss of seagrass 
elsewhere in southern Australia (e.g. lower water 
clarity). Seagrass abundance appears to have 
increased in PPB during the 1960s and 1970s in a 
period where predominantly Posidonia sp. 
seagrass meadows disappeared from urbanised 
coastlines elsewhere in southern Australia 
(Shepherd et al. 1989, Wesphalen et al. 2004, 
Walker et al. 2006). This was during a period 
when substantial seagrass area, mostly H. 
nigricaulis, was lost from Western Port (Shepherd 
et al. 1989). This implies that paradigms 
developed for understanding seagrass health in 
other parts of southern Australia may be of 
limited application in PPB. 
Nutrient limitation was hypothesized as a 
contributing factor in the decline of seagrass area 
in some parts of PPB (Hirst et al. 2011d), 
particularly as the input of nutrients diminished 
throughout the drought, and H. nigricaulis 
growth has been shown to be nitrogen limited in 
PPB (Bulthuis et al. 1992). Nutrient limitation has 
also been implicated in regulating seagrass area 
for parts of the Great Barrier Reef (Udy et al. 
1999). Whilst typically high levels of nutrients are 
thought to adversely affect the health of 
seagrasses, this hypothesis suggests that seagrass 
growth and reproduction may be also be limited 
by very low levels of nutrient availability.  
Climatic variability may also influence other 
drivers of seagrass abundance in PPB, such as 
sediment movement, through changes to wind 
and wave patterns. Long-term changes in the 
coastline of PPB are indicative of the dynamic 
nature of these processes in PPB (Bird 2011), 
although the role of climatic variability in driving 
these patterns is not well understood.  
Conclusions  
The health of seagrasses in PPB between winter 
2011 and spring 2011, and between spring 2010 
and spring 2011, varied as expected, based on the 
interpretation of past trends in seagrass health at 
individual assessment plots and overall changes 
in seagrass area across PPB at a range of larger 
spatial scales.  
There was no common trend in subtidal seagrass 
health observed at the small-scale in either the 
shallow (1–2 m) or deep (2–5 m) plots during this 
study.  Seagrass health at the intertidal plots, 
with the exception of Point Richards, remained 
relatively stable between 2008–2011. 
Seagrass area at the large spatial scale displayed 
greater uniformity in overall trends. Seagrass 
area increased or was near 100% in all of the 
aerial assessment regions, and was mostly stable 
or increased at the broader spatial-scale in the 
majority of the PPB seagrass regions between 
2008–2011. Recent increases in seagrass area 
suggest overall improvements in seagrass health 
in PPB following a cessation of prolonged 
drought conditions within the catchment after 
2009. 
A conceptual model examining the role of key 
drivers and their relative importance in 
determining seagrass distribution and abundance 
in PPB is presented.  The model describes key 
drivers for seagrass health, including: 
• the role of burial and erosion driven by 
natural sediment transport processes over 
shorter and longer-time scales  
• the role of local factors such as high 
macroalgal epiphyte loads and high inputs of 
sediments, nutrients and freshwater 
• the influence of climatic cycles (such as 
droughts) and the possible role of nutrient 
limitation, particularly in the southern part 
of PPB. 
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Table 2. Summary of trends in seagrass health at each small-scale monitoring plot between winter and 
spring 2011 and over the duration of the monitoring program (2008–11).  
 Shallow (1–2 m) Deep (2–5 m) Intertidal 
Blairgowrie There was no change to 
seagrass health in this plot in 
the last quarter. Seagrass cover 
was higher than the longer-
term seasonal trend at this plot. 
Seagrass cover decreased in the 
last quarter. Overall seagrass 
length and stem density was 
higher than the longer-term 
seasonal trends.  
 
Mud Islands There was no change to 
seagrass health variables in this 
plot in the last quarter. 
Seagrass cover and length were 
higher than longer-term 
seasonal trends, whilst stem 
density was consistent with the 
longer-term seasonal trend. 
Seagrass cover and stem density 
increased in the last quarter, and 
were higher than the longer-
term seasonal trends at this plot.  
Seagrass cover in this plot 
decreased in the last quarter. 
Seagrass health variables were 
consistent with the longer-term 
seasonal trends at this plot.  
Swan Bay 1 Seagrass cover, length and stem 
density increased in the last 
quarter Seagrass length was 
higher than longer-term 
seasonal trends, whilst cover 
and stem density consistent 
with longer-term seasonal 
trends. 
 Seagrass cover decreased in last 
quarter, and was lower than the 
longer-term seasonal trend at 
this plot. There was a shift in the 
dominance of seagrass species at 
this plot from L. marina to Z. 
muelleri.  
Swan Bay 2 There was no change to 
seagrass health variables in this 
plot in the last quarter. Overall 
seagrass health variables were 
lower than the longer-term 
seasonal trends at this plot. 
  
St Leonards 1 Seagrass length decreased, but 
stem density increased in the 
last quarter. Seagrass health 
variables were higher than 
long-term trends at this plot.  
Seagrass cover decreased in the 
last quarter, but seagrass health 
variables were higher than the 
longer-term seasonal trends at 
this plot.  
Seagrass health was unchanged 
in the last quarter, and seagrass 
health variables higher or 
consistent with the longer-term 
seasonal trends at this plot.  
St Leonards 2  Seagrass cover and stem density 
in the last quarter. Seagrass 
health variables consistent with 
longer-term seasonal trends at 
this plot.  
 
Point Richards Seagrass length decreased in 
the last quarter, but seagrass 
health variables consistent with 
longer-term seasonal trends at 
this plot.  
Seagrass length decreased in the 
last quarter, and lower than 
longer-term seasonal trend. 
Seagrass cover and stem density 
consistent with past trends at 
this plot.  
There was no change to seagrass 
health in this plot in the last 
quarter. Seagrass cover and 
length were higher than longer-
term seasonal trends at this plot.  
Kirk Point Seagrass recolonised this plot 
in autumn 2011 and cover 
increased in the last quarter. 
All seagrass health variables 
were higher than the longer-
term seasonal trends at this 
plot. 
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Figure 3. Historical seagrass trends at Blairgowrie (––), Point Richards (––) and St Leonards (––) aerial assessment regions 1939–2011 overlayed 
against annual rainfall anomaly for Victoria 1935–2010 (mean annual rainfall = 648 mm yr-1). Shown are the WW II (1937–1945) and recent (1997–
2009) droughts.  
Data sources: Ball et al. (2009), Bureau of Meteorology 
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Appendix 1. Seagrass health tables 
Table 3. Summary of linear mixed effects model analysis testing for differences between sampling dates for seagrass cover, length and shooting stem 
density counts at shallow and deep subtidal plots.  
Planned statistical comparisons within each subtidal plot include:  
C1 – spring 2011 versus winter 2011 
C2 – spring 2011 versus mean of spring 2008–10 
 
 arcsin (√% cover) loge (length) loge (count)  
Shallow plots       
Tukeys test (Spr 11) B,MI>SB1,KP>SL>SB2,PR B,MI,SB1>KPSL>SB2,PR B,MI>SB1,KP,SL>SB2,PR 
Contrast C1 C2 C1 C2 C1 C2 
Blairgowrie (B) -0.2 +7.1*** +0.2 +1.6 -1.5 +0.4 
Mud Islands (MI) -0.4 +2.2* -0.6 +2.6** +0.2 -0.5 
Swan Bay 1 (SB1) +6.1*** +1.4 +0.3 +2.4* +3.8*** +4.1*** 
Swan Bay 2 (SB2) +0.4 -12.9*** -0.3 -10.7*** -0.3 -13.8*** 
St Leonards (SL) +0.3 +3.8*** -2.4* +6.7*** +3.0** +8.1*** 
Pt Richards (PR) -0.8 -1.7 -2.2* -1.9 -0.3 -1.0 
Kirk Pt (KP) +2.1* +10.0*** -0.9 +12.3*** +1.7 +11.0*** 
Deep plots       
Tukeys test (Spr 11) MI>SL1>B,SL2>PR SL1,MI>B,SL2>PR MI,SL1>B,SL2>PR 
Contrast C1 C2 C1 C2 C1 C2 
Blairgowrie (B) -4.1*** -0.5 -1.4 +4.0*** 0 +2.4* 
Mud Islands (MI) +11.5*** +13.1*** +1.9 +4.6*** +2.9** +6.5*** 
St Leonards 1 (SL1) -2.5* +5.6*** -1.0 +6.8*** +0.9 +3.5*** 
St Leonards 2 (SL2) +3.0** +0.2 +1.3 -0.5 +2.3* +1.0 
Pt Richards (PR) -0.4 -0.8 -2.5* -2.3* +0.2 -0.6 
Blank P>0.05, *P<0.05, **P<0.01 and ***P<0.001 
1 Tukeys HSD post-hoc test between plots for spring 2011 only (P<0.05)  
+ t value indicates increase in variable; - a decrease in variable. 
Green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in variable relative to 
previous samples. 
  
21 
Table 4. Summary of general linear model analysis testing for differences between sampling dates for seagrass cover, length and shoot density counts 
at intertidal plots.  
Planned statistical comparisons within each subtidal plot include:  
C1 – spring 2011 versus winter 2011 
C2 – spring 2011 versus mean of spring 2008–10 
 
 arcsin (√% cover) loge (length) loge (count)  
Tukeys test (Spr 11) MI,SB,SL>PR MI,SB,SL>PR MI,SL,SB>PR 
Planned contrasts C1 C2 C1 C2 C1 C2 
Mud Islands (MI) -4.5*** +0.5 -1.8 +1.5 0 -0.1 
Swan Bay (SB) -3.2** -8.9*** +0.4 +0.7 -0.4 -0.8 
St Leonards (SL) +1.5 +2.6** 0 +2.1* -0.5 -0.9 
Pt Richards (PR) -0.9 -1.8 -0.6 0 -1.1 -3.3** 
Blank P>0.05, *P<0.05, **P<0.01 and ***P<0.001 
1 Tukeys HSD post-hoc test between plots for spring 2011 only (P<0.05) 
+ t value indicates increase in variable; - a decrease in variable. 
Green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in variable relative to 
previous samples. 
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Appendix 2. Seagrass health figures 
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Figure 4 Mean (± se) seagrass cover (%) for H. nigricaulis at shallow subtidal plots sampled on 15 
occasions between autumn 2008 and spring 2011.  
NB no data were available for the Swan Bay 2 shallow plot in autumn 2008. Format of figure has changed from previous reports to 
enhance data presentation and interpretation. 
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Figure 5. Mean (± se) seagrass cover (%) for H. nigricaulis at deep subtidal plots sampled on 15 
occasions between autumn 2008 and spring 2011.  
NB no data were available for the St Leonards 2 deep plot in autumn 2008. Format of figure has changed from previous reports to 
enhance data presentation. 
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Figure 6. Mean (± se) seagrass length (cm) for H. nigricaulis at shallow subtidal plots sampled on 15 
occasions between autumn 2008 and spring 2011.  
NB no data were available for the Swan Bay 2 shallow plot in autumn 2008. Format of figure has changed from previous reports to 
enhance data presentation. 
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Figure 7. Mean (± se) seagrass length (cm) for H. nigricaulis at deep subtidal plots sampled on 15 
occasions between autumn 2008 and spring 2011.  
NB no data were available for the St Leonards 2 deep plot in autumn 2008. Format of figure has changed from previous reports to 
enhance data presentation. 
 
 
 
  
24 
 
                   
Aut
 
08
Win
 
08
Spr
 
08
Sum
 
09
Aut
 
09
Win
 
09
Spr
 
09
Sum
 
10
Aut
 
10
Win
 
10
Spr
 
10
Sum
 
11
Aut
 
11
Win
 
11
Spr
 
11
0
100
200
300
400
500
sh
oo
tin
g 
st
e
m
 
co
u
n
t
A
 
Aut
 
08
Win
 
08
Spr
 
08
Sum
 
09
Aut
 
09
Win
 
09
Spr
 
09
Sum
 
10
Aut
 
10
Win
 
10
Spr
 
10
Sum
 
11
Aut
 
11
Win
 
11
Spr
 
11
0
100
200
300
400
500
n
o
n
-
sh
oo
tin
g 
st
e
m
 
co
u
n
t
Swan Bay 2
Swan Bay 1
St Leonards
Pt Richards
Mud Islands
Kirk Point
Blairgowrie
B
 
Figure 8. Mean (± se) A) shooting and B) non-shooting stem count per 0.0625 m2 quadrat for H. 
nigricaulis at shallow subtidal plots sampled on 15 occasions between autumn 2008 and spring 2011.  
NB no data were available for the Swan Bay 2 shallow plot in autumn 2008. Format of figures has changed from previous reports to 
enhance data presentation and interpretation. 
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Figure 9. Mean (± se) A) shooting and B) non-shooting stem count per 0.0625 m2 quadrat for H. 
nigricaulis at deep subtidal plots sampled on 15 occasions between autumn 2008 and spring 2011.  
NB no data were available for the St Leonards 2 deep plot in autumn 2008. Format of figures has changed from previous reports to 
enhance data presentation and interpretation. 
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Figure 10. Mean (± se) combined seagrass A) cover (%), B) length, and C) shoot count per 0.0625 m2 
quadrat for intertidal plots sampled on 15 occasions between autumn 2008 and spring 2011. 
NB Format of figures has changed from previous reports to enhance data presentation and interpretation. 
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Figure 11. Variation in seagrass species composition (% cover) for intertidal plots at St Leonards, Mud 
Islands, Swan Bay and Point Richards between autumn 2008 and spring 2011. Heterozostera nigricaulis 
plants appeared at Point Richards in summer 2010. 
NB format of figures has changed from previous reports to enhance data presentation and interpretation. 
 
  
28 
   
 
Figure 12. Mud Islands intertidal seagrass monitoring line positions recorded in autumn 2008 (first 
survey), spring 2010–11 and winter 2011. 
Line 1 Line 2 
Line 3 
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Figure 13. St Leonards intertidal seagrass monitoring line positions recorded in autumn 2008 (first 
survey), spring 2010–11 and winter 2011.  
Line 4 is an extra monitoring contingency line established as a backup for the three principal monitoring lines.  
 
Line 1 Line 2 
Line 3 Line 4 
  
30 
 
   
   
Figure 14. Point Richards (Bellarine Bank) intertidal seagrass monitoring line positions recorded in 
autumn 2008 (first survey), spring 2010–11 and winter 2011.  
Line 4 is an extra monitoring contingency line established as a backup for the three principal monitoring lines. (NB No seagrass was 
present at monitoring lines 2, 3 and 4 in spring 2010). 
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Figure 15. Mean (± se) maximum depth (m) of shooting H. nigricaulis stems observed on video 
transects offshore at Blairgowrie and Point Richards on 11 occasions between spring 2008 and spring 
2011. 
 Depths were corrected to the Australian Height Datum (AHD). (NB shooting stems were recorded on only a single transect at 
Blairgowrie in spring 2008. 
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Figure 16. Mean (± se) epiphytic algal cover (%) of A) turfing, B) encrusting and C) macro- algae at 
shallow subtidal plots between autumn 2008 and spring 2011. 
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Figure 17. Relationship between seagrass and epiphytic macroalgal cover (%) at Swan Bay 1 and 2 
shallow subtidal plots between autumn 2008 and spring 2011. 
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Figure 18. Mean (± se) epiphytic algal cover (%) of A) turfing, B) encrusting and C) macro- algae at 
deep subtidal plots between autumn 2008 and spring 2011. 
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Figure 19. Mean (± se) epiphytic algal cover (%) of A) turfing, B) encrusting and C) macro- algae at 
intertidal plots between autumn 2008 and spring 2011. 
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Figure 20. Mean (± se) principal component (PCA) factor scores summarising variation in seagrass 
cover, length and stem density for A) shallow and B) deep subtidal plots between autumn 2008 and 
spring 2011. High PCA factor scores are indicative of high seagrass cover, length and stem density.  
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Figure 21. Mean (± se) principal component (PCA) factor scores summarising variation in seagrass 
cover, length and shoot density for intertidal plots between autumn 2008 and spring 2011. High PCA 
factor scores are indicative of high seagrass cover, length and shoot density. 
 
Table 5. Pearson correlation coefficients between seagrass variables for the shallow, deep and 
intertidal plots. All coefficients were significant at P<0.001. 
Shallow arcsin (√%cover) loge length loge count 
arcsin (√%cover) 1.00   
loge length 0.80 1.00  
loge count 0.91 0.84 1.00 
n = 1278    
Deep arcsin (√%cover) loge length loge count 
arcsin (√%cover) 1.00   
loge length 0.70 1.00  
loge count 0.81 0.72 1.00 
n = 886    
Intertidal arcsin (√%cover) loge length loge count 
arcsin (√%cover) 1.00   
loge length 0.80 1.00  
loge count 0.84 0.84 1.00 
n = 720    
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Appendix 3. Data 
Electronic data files are as follows: 
• Seagrass health observations at plots and 
quadrats: CDP_seagrass_database_MR15.xls 
• Seagrass maximum depth limits: 
combined_deep_limits_data.xls 
• Intertidal seagrass upper limit boundaries: a 
separate shapefile exists for each region with 
the naming format 
Regioncode_UL_date_projection (e.g. 
MI_UL_04Nov11_mga55.shp). 
 
 
 
 
